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Introduction 

Non-leptonic charm decays provide insights into both 
electro- weak and strong dynamics. This includes the study 
of long-distance hadronic effects, the approximate symme- 
tries of strong interactions, and precision tests of the Stan- 
dard Model. 

In these proceedings we summarise recent results in non- 
leptonic branching fraction measurements of D^, D^, and 
mesons, including measurements of relative and abso- 
lute branching fractions in inclusive and exclusive modes, 
radiative decays, and measurements of direct CP violation. 
Other aspects of hadronic charm decays are covered else- 
where in these proceedings HHgl. 

Charm decays to two pseudoscalars 

CLEO-c has recently published the results of branch- 
ing fractions of D^, D+, and Dg decays to two pseu- 
doscalars, based on an analysis of CLEO-c's full data 
set [lOl, with 818 pb"^ at V^(3770) corresponding to 3-10^ 
D^D^ pairs and 2.4-10^ D+D" pairs; and 586 pb"^ at 
^/s = 4170 MeV corresponding to 5.3-10^ D^Df* pairs. 
Many of the resulting branching fraction measurements are 
more precise than the previous world average |[T2ll . and 
some decay modes have been seen for the first time. These 
results are summarised in Tab. |6] on page [7] In the table, 
as in the rest of this paper, the mention of one decay pro- 
cess always implies also the charge-conjugate process, and 
if a number is given with two uncertainties, the first refers 
to the statistical and the second to the systematic uncer- 
tainty. Bhattacharya & Rosner |11| have analysed these 
results in terms of the diagrammatic approach |[T3ljT6ll . 
The decay amplitudes are expressed in terms of topolog- 
ical quark-flow diagrams; the diagrams used in this analy- 
sis are given in Fig. [T] These are not to be confused with 
Feynman diagrams. The amplitude represented by each di- 




Figure 1: Quark flow diagrams used in the analysis of 
CLEO-c's D ^ PP data 1 10] by Bhattacharya & Ros- 
ner ifTTI : Tree, Colour-suppressed tree, Annihiliation, 
Singlet-emission with Annihilation, Exchange, and 
Singlet-emission with Exchange. 



agram includes the contributions from the weak and the 
strong interaction, to all orders, including long-distance ef- 
fects. Flavour symmetries of the strong interaction are used 
to express different D^, and two-body decay am- 
plitudes in terms of the same set of six diagrams. Note 
that, because the amplitudes associated to each diagram 
include final state interaction, the amplitudes established 
from two body decays do not predict amplitudes for decays 
to three or more particles in the final state. The expres- 
sions for Cabibbo-favoured (CF) decays in terms of these 
diagrams are given in Tab. [3] The singlet contributions to 
these decays are deemed to be negligible. The table com- 
pares the measured branching fractions with the result from 
the best-fit to the quark flow diagram formalism for two 
solutions. One where the octet- singlet mixing angle Orj is 
fixed to Orj = arcsin(l/3) = 19.5^, and another, where 
6rj is allowed to vary, giving = 11.7^. The latter case 
has as many parameters as there are CF decay rates used as 
constraints, so the agreement between the prediction from 
the formalism given in the fifth column of Tab. [3] and the 
measured CF amplitudes given in the second, is exact by 
construction. A further solution, with |T| < is also 
discussed in the paper ifTTIl . Figure [2] shows the construc- 
tion of the amplitudes from the rates given in Tab. [3] for the 
case for the 0^ — 11.7^ case. The numerical values are 

T = 3.003 ± 0.023 

C = (2.565 ± 0.030) exp [i(-152.11 ± 0.57)°] 

E = (1.372 ± 0.036) exp [i(123.62 ± 1.25)°] 

A = (0.452 ± 0.058) exp [i(19t{^)°] 

These results are then used to predict the decay amplitudes 
of singly Cabibbo suppressed (SCS) and doubly Cabibbo 
suppressed (DCS) two body decays by assuming that the 
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Figure 2: Construction of topological amplitudes in 
the complex plane based on CLEO-c's recent measure- 
ments 1 10] of for the solution with = 11.7^, reproduced 
from lUJ. 
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Figure 3: Branching ratios and quark-flow diagram amplitudes for Cabibbo-favored decays of charmed mesons to a pair 
of pseudoscalars with 2 different values of 6>^, reproduced from |11 1. 
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SCS (DCS) amplitudes are the CF amplitudes, scaled by a 
factor A = sin Oc (A^ = sin^ Oc) where Oc is the Cabibbo 
angle. The predictions for decays involving kaons and pi- 
ons only are mostly in reasonable agreement with measure- 
ment although the approach considerably overestimates 
B (D^ TT+TT-) and underestimates B (D^ K+K"). 
For SCS decays involving r] and r]\ there are indications 
for a non-negligible contribution from the singlet annihila- 
tion diagram. 

A detailed description of this approach and its result can 
be found in |11| and |[T3llT6l . A comprehensive review 
of hadronic charm decays and their analysis using this and 
other methods can be found in ifTTIl . 

K^, interference 

As pointed out by Bigi & Yamamoto ifTSl , the decay 
rates of D^ Kstt^ and D^ Kltt^ are not the same be- 
cause of the interference of the CF component D^ K^tt^ 
with the DCS D^ K^tt^ component which enters with a 
different sign for decays to Kl and Ks: 

A(D°^Ks^°) = A(D°^K%°)+A(D°^kV) 
A(D°^Kl^°) = A (D° ^ K%°) - A (D° ^ kV) 

The amplitudes A (D^ ^ K^n^) and A (D^ -> K^tt^) 
are related by an interchange of u and s quarks. Assum- 
ing U-spin symmetry of the strong interaction, the decay 
rate asymmetry is given given by ifTSll : 

F (DO ^ KsTT^) - r (DO ^ Kltt^) 
~ F (DO ^ KsTT^) + F (DO ^ Kltt^) 
2 tan^ l9c = 0.109 

A measurement of A^s i^ttO therefore provides a test of 
U-spin symmetry, which is important for example for 
extracting the CP- violating parameter 7 from Bg ^ KK 
and Bd tttt decays 1 19] |20l. The reconstruction of 
DO KlttO is challenging because it involves two neutral 
particles. CLEO-c uses its Csl calorimeter to identify the 
TfO. The four-momentum of the practially invisible Kl is 
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Figure 4: The missing mass distribution in the reconstruc- 
tion of DO KlttO at CLEO-c EH. The points with error 
bars are data, and the solid line is a Monte Carlo simula- 
tion. The dashed, colored lines represent simulations of 
the peaking backgrounds. The difference in the peak po- 
sition is understood and due to a minor discrepancy in the 
calorimeter simulation at large photon energies. 

reconstructed using beam constraints, benefiting from the 
very clean environment at CLEO-c where the DD pairs 
produced absorb the entire beam energy, with no underly- 
ing event. The resulting missing mass-squared distribution 
is shown in Fig.ji] The assymmetry, measured in 281 pb~^ 
of data, is UB' 

Aks,l7t0 = 0.108 ± 0.025 ± 0.024, 

which is in excellent agreement with the prediction by ifTSl 
based in U-spin symmetry. Theoretical prediction for the 
related asymmetry 

F (D+ ^ K57r+) - F (D+ ^ i^L7r+) 
^^'^"^ ~ F (D+ ^ Ksn+) + F (D+ ^ Kl^+) 

are more difficult as there is no such clean symmetry. Us- 
ing SU(3), Gao predicts |22| ^ 0.04. Based on 
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Table 2: Recent results for radiative decays. 
CLEO-c results shown in this table are preliminary. 
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< 8.93 • 10-^(90%CL) (CLEO-c prel |27 |) 


PI 


< 3.63 • 10-^ (90%CL) (CLEO-c prel 1 27 1) 
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the diagrammatic approach, Bhattacharya & Rosner (TTII 
predict 



-0.005 ± 0.013. Both are consistent 



with CLEO-c 's measurement (2TTl of 

AKs,r.n+ = 0-022 ± 0.016 ± 0.018. 

Decays to vector-mesons and 77 

BaBar analysed 467 fb~^ of data corresponding to about 
1 billion D mesons. Preliminary results for the decay 
£)0 _^ Yr], where V = cj, K*^, have been presented at 
the APS April meeting 2009 |23J. The ujt] and K*°7/ mode 
have been observed for the first time. These results, and a 
previous measurement by BELLE f24l, are summarised in 
Tab. [T] The measurements are compared to predictions by 
Bhattacharya & Rosner (25l , who use the same diagram- 
matic approach that has been discussed earlier. This yields 
two solutions, of which solutions A is preferred. While 
Bhattacharya & Rosner (25l show in their paper that the 
predictions based on the diagrammatic approach agree well 
for many to vector-pseudoscalar decays, there are sig- 
nificant differences for two of the decays shown in Tab. [T] 

Radiative decays 

In 2008, BaBar reported the first observation of the de- 
cay K*^7 1 26 1, and an improved measurement of 
K*^7. CLEO-c has since been able to confirm the 
observation of K*^7. In contrast to radiative B 
decays, radiative charm decays are dominated by long- 
distance contribution. One way to describe radiative decays 
is the Vector Meson Dominance (VMD) approach. The ra- 
diative decay is assumed to proceed predominantly via an 
off-shell that then annihilates into a photon, giving the 
following relationship between the decay amplitudes L28J 

^(D° ^ V7) = (e//p)A(DO ^ V) 

where A(D^ V P^) needs to be calculated taking into 
account that the p is off-shell. This predicts for the ratio of 
decays rates: 
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Eigure 5: The missing mass of the n in D+ 
at CLEO-c (30 1 . 



pn decays. 



This is in fact the case: 

iiW^i*^,) = (6-27 ±0.71 ±0.79). 10- m 

B(D° ^ 4>p) in-2 rr>\ 

B{DO ^ K*Op) = (6-7 ±1.6) -10 113 

However, using {e/ fp) = 0.06 (291 , one would also expect 

B(D^ V7) 

-^-^ 7^ - 0.0036 

DO ^ VpO 

but the measured ratio for F = K*^ as well as F = is 

which is about a factor of 6 larger than expected from the 
VMD approach. 
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The first observation of a meson decaying to two baryons 
has been made by CLEO-c in the mode D+ pfi, which 
is also the only kinematically allowed baryonic decay of a 
light charm meson (D^, D+, or Dg). CLEO-c reconstruct 
the anti-neutron from the missing mass with virtually no 
background, as shown in Eig.[5] CLEO-c measures the foil- 
wing branching fraction |30|: 

S(D+ ^ pn) = (L30 ± 0.36t^;^^) • 10"^ 

This decay mode is dominated by long-distance effects as 
those shown in Eig.[6] Chen, Cheng and Hsio (3T1l estimate 
these as S(D+ pn) ^ (O.S^Q g) • 10"^ in agreement 
with CLEO-c 's observation - short-distance contributions 
from the annihilation diagram are about 3 orders of magni- 
tude smaller. 
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Table 1: Recent results for V77. The BaBar results shown in this table are preliminary. 
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Figure 6: Long distance effects dominate the decay 
D+ ^ pfi. 



Absolute Branching Fractions 

Absolute Branching fraction measurements are particu- 
larly important for those decays frequently used as normali- 
sation modes. BaBar, BELLE and CLEO-c published mea- 
surements of absolute branching fractions, using different 
techniques: 

• BaBar obtains a normalisation by reconstructing 
D* ^ Dtt using only the slow pion in this decay 
chain, and information from the rest of the event, but 
not the D itself |32|. 

• CLEO-c produces charm mesons always in pairs, 
either e+e" ^^(3770) DD for or D±, or 
e+e~ D^D*^. One charm meson provides the 
normalisation for the decay rates of the other 13411351 . 
Figure [8] shows the invariant mass distribution of Dg 
pairs at CLEO-c. In the D^-D^ system, there are com- 
plications and very interesting physics arising from 
quantum correlations which are discussed elsewhere 
in these proceedings Q. 

• BELLE uses the process 
e+e" ^ D*+D7i(^ D*^K"), again, one charm 
meson provides the normalisation for the other 1331 . 

Figure [7] illustrates the significant increase in precision 
achieved in recent years for the most important normalisa- 
tion modes. The full set of CLEO-c 's absolute Dg branch- 
ing fractions measurements are given in Tab. [3] reproduced 
from 1351 . 

A frequently-used normalisation mode for Dg branch- 
ing ratios is the decay Dg (j)7T. This, however, is prob- 
lematic because of interference effects in the K+K~7r+ 
Dalitz plot, in particular from f(980) ll37ti39l . CLEO-c 
therefore publishes the absolute branching fraction for 
D+ K+K~7r+, including the entire phase space. How- 
ever, when using this as a normalisation mode, it can be 
advantageous to select events with a K+K~ invariant mass 
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Figure 7: Impact of recent absolute Branching ration mea- 
surements on the PDG average. The brown bar represents 
the PDG average in 2004, while the semi-transparent green 
bar (that partially overlaps with the brown bar) represents 
the status in 2008. Recent measurements by BaBar |33, 
BELLE (preliminary |33 |) and CLEO-c |[34l[35J are repre- 
sented by blue lines with error bars. 



near the (j) mass, in order to reject background. To accom- 
modate this, CLEO-c also publishes branching fractions for 
parts of the D+ K+K~7r+ phase space corresponding 
to different cuts around the (j) mass, but without making 
any statement about the contribution of D+ (j)7T this in- 
cludes. The absolute Dg branching fractions for different 
decay modes from this analysis li35J are given in Tab. [3] 
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Table 3: Results from CLEO-c's recent measurement of absolute Dg branching fractions f35l, the world average branch- 
ing fractions before CLEO-c's measurement |36|, ratios of branching fractions to S(D+ K~ K^ir^), and charge 
asymmetries Acp- Uncertainties on CLEO-c measurements are statistical and systematic, respectively. Table reproduced 
from [i35il 



Mode 



CLEO-C result B (%) EH PDG 2007 fit B (%) 1361 B/B{K-K+7r^ 



Acp (%) 



L49± 0.07 ±0.05 
5.50 ±0.23 ±0.16 
5.65 ±0.29 ±0.40 
1.64 ±0.10 ±0.07 
1.11 ±0.07 ±0.04 
1.58 ±0.11 ±0.18 
3.77 ±0.25 ±0.30 
0.69 ±0.05 ±0.03 
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0.69 ±0.04 ±0.06 
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Figure 8: Invariant mass of Dg pairs reconstructed at 
CLEO-c |35|. 

Inclusive Dg branching fractions and 
exclusive Dg u;X 

In 2009, CLEO-c published a measurement the inclu- 
sive branching fractions of Dg in modes P40ll, such as 
D+ TT+X, D+ ttX, etc, where X stands for any com- 
bination of particles. The results are reproduced in Tab.|7] 
on page [8] While most inclusive branching fractions mea- 
sured are compatible with the sum of known exclusive 
rates |41|, this was initially not the case for the inclu- 
sive branching fraction S(Ds cjX), where X stands for 
any combination of particles. CLEO-c measures this to be 
(6.1 ± 1.4)%, far more than the only known exclusive uj 
mode at the time, B (D^ ^ tt+cj) = (0.25 ± 0.09) % IM- 

Since then, CLEO-c has searched for the missing exclu- 
sive decay modes to u, and found them |42|. The missing 



exclusive modes are mainly those were X is two or three 
pions. The full results are given in Tab.|4] 



Table 4: Branching fractions and upper limits for exclusive 
Dg decays involving uj, reproduced from |42|. 
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< 2.13 (90% CL) 




K+cj 


< 0.24 (90% CL) 
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Direct CP violation 

CP violation in charm decays provides one of the most 
sensitive probes for New Physics, and we are only now 
reaching the sensitivity to exploit this opportunity. In this 
article, we restrict ourselves to the discussion of direct CP 
violation; CP violation in the interference between mixing 
and decay is discussed elsewhere in these proceedings I3j- 

13. 

CP violation in the charm decays in the SM is expected 
to be small, at a level < 10~^ P3H45l . However, new 
Physics can significantly enhance CP asymmetries, espe- 
cially in the case of singly Cabibbo suppressed decays, 
which are sensitive to new contributions from QCD pen- 
guin operators. This could yield direct CP violating effects 
of 0(10-2) 14611471. 

The most precise measurements of direct CP asymme- 
tries 

^ ^ r(D^f)-r(D^f) 
r (D ^ f ) + r (D ^ f) 
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Table 5: Direct CP violation measurements in tttt and Trpi, and the average by the Heavy Flavour Averaging 
Group, status January 2009 |48|. 



Year 


Experiment 


AcP D° TTTT 


Acp D^ ^ KK 


2008 
2008 
2005 
2002 
2000 
1998 
1995 
1994 


BELLE |49 1 
BaBar |50| 
CDF 151 1 
CLEO |52| 

FOCUS L53J 
E791 El 
CLEO f55l 
E687 |56| 


+0.0043±0.0052±0.0012 
-0.0024±0.0052±0.0022 
+0.010± 0.013 ±0.006 
+0.019± 0.032 ±0.008 
+0.048± 0.039 ±0.025 
-0.049± 0.078 ±0.030 


-0.0043±0.0030±0.0011 
+0.0000±0.0034±0.0013 
+0.020± 0.012 ±0.006 
+0.000± 0.022 ±0.008 
-0.001± 0.022 ±0.015 
-0.001± 0.022 ±0.015 
+0.080± 0.061 
+0.024± 0.084 


HFAG average |48 1 


+0.0022± 0.0037 


-0.0016± 0.0023 



in SCS decays exist for the modes D^ K+K~ and 
D^ 7r+7r~. Results for these two modes, and averages, 
are listed in Tab.|5l Other direct CP violation measurements 
have been pubHshed by BaBar |37,38l, BELLE \WW\, 
CLEO 1 10, 35, 61-67], FOCUS |68, 69], E791 |70|, and 
E687 1561 . This includes the recent CLEO-c results listed 
in Tab. [6] A comprehensive list of results and averages 
can found on the HFAG website |48|. No evidence for CP 
violation in the charm sector has emerged yet. It is interest- 
ing to note that the CDF result (5T\ in Tab. [5] was obtained 
with only approximately 2% of CDF's current dataset. A 
simple scaling of the statistical error suggests that, if CDF 
repeated this analysis with the full dataset, the statistical 
precision of this single measurement could match the cur- 
rent world-average. The challenge will of course be to con- 
trol systematic uncertainties at a similar level, and there are 
other reasons why this simple scaling is too naive, such 
as the reduction in trigger efficiency for charm events at 
higher luminosities. But even with these caveats, this il- 
lustrates the importance and promise of charm physics at 
hadron colliders. Most of CDF's charm data have yet to 
be analysed, and even larger samples will soon be available 
at LHCb |71 1, with the prospect of a rich charm physics 
programme with high sensitivity to New Physics. 

Conclusions 

Since the last CHARM conference in 2007, large new 
data samples have become available and have been anal- 
ysed, resulting in dramatic improvements of the precsion 
of non-leptonic decay rates of charm mesons, and the dis- 
covery of many new decay channels. These are important 
parameters in their own right, provide tests of symmetries 
of the strong interaction such as U-spin and SU(3), and are 
set to provide important input for the analysis of B decays, 
as most B mesons decay to charm. One of the most sen- 
sitive probes for New Physics is CP violation in the charm 
sector, which is predicted to be < 10~^ in the SM. While 
at CHARM 2007, the most precise measurements of direct 
CP violation achieved a precision at the percent level, to- 
day this has reached the permil level. So far, however, there 



has been no evidence for CP violation. 

Dedicated charm experiments have unique capabilities, 
especially when running at the charm threshold, but are by 
no means the only source of charm physics. Many recent 
measurements have exploited the vast charm samples at the 
B factories and CDF. This is an encouraging trend in view 
of the start of data taking at LHCb. LHCb will collect un- 
precidented charm samples. CDF has shown that precision 
charm physics is possible at a hadron collider, and has, for 
most analyses, only used a fraction of its dataset. On the 
other hand, there will also be new results from the charm 
threshold with its unique properties: BES III is about to 
take data at the ?/^(3770), and CLEO-c's dataset contin- 
ues to be analysed. So the prospects for charm physics 
are bright, with continued analyses of e+e~ data, new re- 
sults from the charm threshold, and enourmous datasets 
collected at hadron colliders. 
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Table 6: Branching fractions in PP modes measured using CLEO-c's full dataset, reproduced from ifTOll . The table 
shows the branching ratio relative to the normalization modes i^~7r+, K~7r+7r+, and K^K^\ 
the resulting Branching Fractions; and charge asymmetries Acp- Uncertainties are statistical error, systematic error, and 
the error from the input branching fractions of normalization modes. (For D^, the normalization mode is the sum of 
K-7T^ and i^+Tr", see 1 10] for details.) 



Mode 


H A //?1\T T • (%^ 

^-'^nioQG / ^-'^iN orniciliZcition V ' / 


This result B (%) 


Acp (%) 


D° 




10.41 ±0.11 ±0.11 


0.407 ± 0.004 ± 0.004 ± 0.008 




D° 


—r ivgivg 


0.41 ± 0.04 ± 0.02 


0.0160 ± 0.0017 ± 0.0008 ± 0.0003 




D° 


— y TT~^TT~ 


3.70 ± 0.06 ± 0.09 


0.145 ± 0.002 ± 0.004 ± 0.003 




D° 




2.06 ±0.07 ±0.10 


0.081 ± 0.003 ± 0.004 ± 0.002 




D° 




100 


3.9058 external input ||72l 


0.5 ± 0.4 ± 0.9 


D° 




30.4 ± 0.3 ± 0.9 


1.19 ± 0.01 ± 0.04 ± 0.02 




D° 




12.3 ± 0.3 ± 0.7 


0.481 ±0.011 ±0.026 ±0.010 




D° 




1.74 ±0.15 ±0.11 


0.068 ± 0.006 ± 0.004 ± 0.001 




D° 




24.3 ± 0.8 ± 1.1 


0.95 ± 0.03 ± 0.04 ± 0.02 




D° 


^ A' 


2.3 ± 0.3 ± 0.2 


0.091 ± 0.011 ± 0.006 ± 0.002 




D° 




4.3 ± 0.3 ± 0.4 


0.167 ±0.011 ±0.014 ±0.003 




£»o 




2.7 ± 0.6 ± 0.3 


0.105 ± 0.024 ± 0.010 ± 0.002 




D+ 




100 


9.1400 external input |72] 


-0.1 ±0.4 ±0.9 


D+ 




3.35 ± 0.06 ± 0.07 


0.306 ± 0.005 ± 0.007 ± 0.007 


-0.2 ± 1.5 ±0.9 


D+ 




1.29 ±0.04 ±0.05 


0.118 ± 0.003 ± 0.005 ± 0.003 


2.9 ± 2.9 ± 0.3 


D+ 




16.82 ±0.12 ±0.37 


1.537 ±0.011 ±0.034 ±0.033 


-1.3 ±0.7 ±0.3 


D+ 




0.19 ±0.02 ±0.01 


0.0172 ± 0.0018 ± 0.0006 ± 0.0004 


-3.5 ± 10.7 ± 0.9 


D+ 


K^T] 


< 0.14 (90%C.L.) 


< 0.013 (90% C.L.) 




D+ 




3.87 ±0.09 ±0.19 


0.354 ± 0.008 ± 0.018 ± 0.008 


-2.0 ± 2.3 ± 0.3 


D+ 




< 0.20 (90% C.L.) 


< 0.018 (90% C.L.) 




D+ 




5.12 ±0.17 ±0.25 


0.468 ± 0.016 ± 0.023 ± 0.010 


-4.0 ± 3.4 ± 0.3 


Dt 




100 


1.4900 external input [73 J 


4.7 ± 1.8 ±0.9 


Dt 




< 2.3 (90% C.L.) 


< 0.037 (90% C.L.) 




Dt 




8.5 ± 0.7 ± 0.2 


0.126 ± 0.011 ± 0.003 ± 0.007 


16.3 ±7.3 ±0.3 


Dt 




4.2 ± 1.4 ±0.2 


0.062 ± 0.022 ± 0.004 ± 0.004 


-26.6 ± 23.8 ± 0.9 


Dt 




11.8 ±2.2 ±0.6 


0.176 ± 0.033 ± 0.009 ± 0.010 


9.3 ± 15.2 ±0.9 


Dt 




123.6 ±4.3 ±6.2 


1.84 ±0.06 ±0.09 ±0.11 


-4.6 ± 2.9 ± 0.3 


Dt 




11.8 ±3.6 ±0.6 


0.18 ±0.05 ±0.01 ±0.01 


6.0 ± 18.9 ± 0.9 


Dt 




265.4 ± 8.8 ± 13.9 


3.95 ±0.13 ±0.21 ±0.23 


-6.1 ±3.0 ±0.3 
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Table 7: CLEO-c's Dg inclusive yield results from f40l. Uncertainties are statistical and systematic, respectively. The 
inclusive results are only used as a check for K^. The yield requires a correction before comparing 

with the ^ K^X yield, as explained in (SI- PDG O averages are shown in the last column, when available. 
Reproduced from |40|. 



Mode 



Yield(%) 



K^r Mode 



Yield(%) 



S(PDG)(%) 





119.3 




1.2 




0.7 


















43.2 




0.9 




0.3 
















Dt ^TT^X 


123.4 




3.8 




5.3 
















Df ^K^X 


28.9 




0.6 




0.3 










20 


+ 


18 
14 


Dt -^K-X 


18.7 




0.5 




0.2 










13 


+ 


14 
12 


Dt -^r]X 


29.9 




2.2 




1.7 
















Dt -^r]'X 


11.7 




1.7 




0.7 
















Dt -^(t^X 


15.7 




0.8 




0.6 
















Dt -^ujX 


6.1 




1.4 




0.3 
















Dt ^/o(980)X,/o(980) ^ ^+^- 


< 


1.3%(90%CL) 


















Dt ^K%X 


19.0 




1.0 




0.4 


Dt ^KlX 


15.6 




2.0 


20 




14 


Dt ^K%K%X 


1.7 




0.3 




0.1 


Dt ^KlK%X 


5.0 




1.0 








Dt ^K^K^^X 


5.8 




0.5 




0.1 


Dt -^KlK^X 


5.2 




0.7 








Dt ^K%K-X 


1.9 




0.4 




0.1 


Dt ^KlK-X 


1.9 




0.3 








Dt ^K^K-X 


15.8 




0.6 




0.3 
















Dt -^K+K+X 


< 0.26% (90% CL) 


















Dt ^K-R-X 


< 0.06% (90% CL) 
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